The Egyptian extra long stapled cotton "GIZA76" which has a very good mechanical and chemical properties [I] was selected as a raw material to obtain nitrocellulose energetic fibres, such fibres can be used as a reinforcing agent in propellant formulations instead of inert fibres to improve not oniy the mechanical properties of composite propellants but also, the burning rate of such propellant . The effect of either chopped or nonchopped nitrocellulose fibres length and content on the mechanical properties of the prepared propellant samples were examined .Also, the effect of bonding agent on the reinforcing fibres has been investigated .Satisfactory results have been obtained.
INTRODUCTION
Improving the mechanical properties of composite rocket propellants is usually one of the main research goals, many programs have been carried out to avoid the effect of thermal and mechanical' stresses which are generated in the propellant grains due to long storing ,manipulation, case pressurization and firing . Many of these researches were focused on changing the type of ingredients and their weight percentage in the different rocket propellant formulations [2] [3] [4] . Many programs were concerned with the use of inert reinforcing fibres such as nylon and carbon fibres as reinforcing agents in many composite propellant formulations [5] . It is very important first to estimate the effect of reinforcement by inert cotton fibres then, reinforcement by energetic NC fibres on the processing, compatibility and on the mechanical properties of the polyurethane binder. A series of nonreinforced and reinforced propellant samples were prepared and tested. Nitrocellulose fibres either chopped (10-15 mm) or nonchopped (30-50 mm) [6] were to used to examine the effect of NC fibres length on the mechanical properties of reinforced propellants .Also, the effect of the NC fibres content and that of the type and content of the bonding agent on the properties of the prepared samples have been investigated. All of the prepared samples were tested after complete curing by employing a modern tensile testing machine to obtain stress-strain relationship. 
A-Preparation Technique
Plasticized polyurethane prepolymer was used as a binder in the prepared propellant formulations. A laboratory scale 0.5 liter thermostated glass mixer was used for such preparation . Then, mixer is connected to vacuum pump in order to obtain samples free from any air bubbles. At the beginning ,the calculated weight of the prepolymers was fed together with one third of the DOZ plasticizer quantity into the mixing vessel . For about 20 minutes, mixing was kept continuously at 50 °C and 3 cm Hg pressure to remove any air bubbles from the mixture .Then, the required amount of oxidizer with the remaining part of plasticizer was added to the reaction mixture and thoroughly stirred for 15 minutes under vacuum. Finally, at the normal temperature , the calculated amount of curing agent on the basis of (NCO/OH) ratio equal 1.2 and the FeAAc catalyst of (0.1 %) from the total charge weight were added to the reaction mixture and vacuum was continued for 5 minutes . Then the mixture was carefully casted in a dumbbell shape standard die , at the same time the reinforcing cotton or NC fibres were replaced and disturbed in the standard casting die in case of reinforcement using nonchopped cotton or NC fibres of (30-50 mm)length while in case of reinforcement using NC fibres of (10-15 mm) length ,chopped fibres were added during the course of the oxidizer addition .Curing of the casted formulations was carried out in an oven at 60 °C for 7 days .
B-Determination Of The Mechanical Properties Of The Prepared Composite Propellant Samples
The value of stress-strain of the prepared samples were measured experimentally at normal temperature by employing the LRX-5K materials testing machine supplied by LLOYD 1NSRUMENT, UK. The tensile test was carried out for at least three samples for each prepared formulation and the mean value of the obtained results was recorded.
RESULTS AND DISCUSSION

1-Effect of reinforcement by cotton and NC fibers on the mechanical properties of polyurethane binder
For the preparation of polyurethane binder , HTPB prepolymer was used with HMDI curing agent on the basis of 1.2 curing ratio and FeAAc as a catalyst . Also, DOZ was used as a plesticizer , The fibre content in the prepared reinforced binder samples was 0.1% by weight .Composition of the prepared nonreinforced and reinforced polyurethane binder are given in table ( As we notice, The reinforcement by such very small percent of the mentioned fibres appreciably increases the tensile strength and at the same time decreases the strain of the samples, that is due to, the stress applied to the binder matrix is transferred to the reinforcing fibres across the fibre-matrix interface and as a result of the difference in tensile strain between matrix and reinforcing fibres, shear stresses are induced around the fibres in the direction of fibre axis hence the fibre is stressed in tension so, cotton or NC fibres as a reinforcing agent contribute with the binder matrix to resist the applied load. Also, we notice that Cotton fibres improved the tensile properties slightly more than NC fibres, such result may be explained by the fact that during nitration of cotton, fibres become shorter due to the degradation action of the used concentrated mixed acids [7] .
2-Effect Of Addition Of Bonding Agent (MAPO) On Tensile Properties Of The Reinforced Propellant Formulations
The fibre-matrix interfacial bond is particularly important in the reinforced composite propellants. Such interfacial bond must be sufficient for load to be transferred from the matrix to the fibres [8] . (MAPO) was tried to achieve the required bonding effect between the used NC fibres and the composite propellant matrix, such bonding agents was added in small concentration, (0.1%) with the samples containing 70 % AN oxidizer (containing 3.5% Ni,03 to prevent AN phase change during mixing [9] ) and reinforced either by chopped or by nonchopped NC fibres. The prepared propellant samples composition is given in Table ( 3). Mechanical properties of the reinforced composite propellant either by chopped or nonchopped NC fibres on using 0.1% (MAPO) as a bonding agent are presented in Fig(3) and Fig (4) . From these results one can notice a considerable increase in both the maximum stress and the strain of the reinforced samples when compared with the nonreinforced ones. Also, values obtained using the nonchopped NC fibres were higher than those associated with the use of the chopped NC fibres. It has been proposed that a bonding agent is used mainly to form a tough binder layer around both the oxidizer filler and the reinforcing fibers [10] . Bonding agents must fulfill the requirements of being adsorbed on the oxidizer surface and essentially insoluble in binder phase, therefore MAPO is a good bonding agent as it is able to make a good adhesion between both the oxidizer particles and the NC fibres with the binder matrix and to build a strong interfacial bond at the fibre-matrix interface. Since MAPO is free from the (-OH) groups , which may consume a part of (-NCO) groups, therefore the presence of (MAPO) builds a good interfacial bond and at the same time does not affect the crosslinking density. It is obvious that,(MAPO) is convenient bonding agent in presence of NC fibres in the reinforced composite propellant.
3-Dependence Of Tensile Properties Of Reinforced Propellant Formulations On (MAPO) Bonding Agent Content
To investigate the effect of the content of bonding agent on the mechanical properties of the prepared reinforced composite propellant samples, series of samples were prepared using different content of the bonding agent (MAPO) (from 0.1 up to 0.3%). All the prepared samples contained 70 % AN oxidizer and reinforced by 0.1% chopped NC fibres. The prepared samples composition are shown in Table ( 4),the tensile properties of the tested samples are presented on Fig (5) . Form these results, it is clear that the maximum stress of the reinforced propellant increases considerably about (18%) and at the same time, the strain conversely decreases about (13%) gradually by increasing the MAPO content. When the content of (MAPO) was more than 0.3% , the viscosity markedly increased and the castability of the prepared samples become very poor. So, the addition of 0.1% up to 0.2% of (MAPO) improves the mechanical properties and kept the viscosity within the acceptable limits (< 100,000 poise) which permit a good potlife for the prepared propellant formulations. 
4-Effect Of The NC Fibres Content On Tensile Properties Of Composite Propellant
To study the effect of the NC fibres content on the mechanical properties and processing technique of the prepared reinforced propellant samples, the content the chopped NC fibres was increased from 0.1 up to 0.5% (N1-N4) in the previous formulations.
Compositions of the prepared reinforced propellant samples are shown in Table ( 5) . The tensile properties of the prepared samples shown in Fig (6) . From these result, it is clear that, the tensile stress markedly increases up to a maximum at about 0.3% NC and then it starts to decrease slightly with increase in the NC content this may be due to the possible existence of weak points in which the fibre-fibre contact prevails [11] . On the other hand, the strain values are increased slightly by increase of NC fibres content but still maintaining the acceptable strain values. That is may be due to increase of the number of not nitrated hydroxyl groups which may cause consumption of a part of isocyanate thus decreasing crosslinking density. For practical application, addition of 0.1 up to 0.2% chopped NC fibres to the composite propellant formulations is quiet sufficient for improving the tensile properties without facing the technological problems of mixing and casting. 
